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Abstract 
At B3LYP method of density functional theory with 6-31+G(d) basis set, the reaction mechanism of 
dimethyldiazene was studied, which is an important intermediate product of UDMH and •OH. All 
transition states are characterized by one imaginary frequency on the PES. Intrinsic reaction coordinate 
(IRC) is proceeded to confirm transition states connecting the designated local minima. On the basis of 
the vibrational calculation, we get the energy curve of the reaction. 
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1. Introduction 
Unsymmetrical Dimethylhydrazine˄UDMH, (CH3)2NNH3˅ as the main fuel of rocket engine, is 
widely used in a variety of strategic weapons and spacecraft launches. But it is in the high toxic 
substances. It may pollutes the atmosphere , water and soil ,and thus endangering human health [1]. 
Methods of degradation of UDMH wastewater mainly includes ozone method, oxygen and hydrogen 
peroxide method, hypochlorite oxidation method, catalytic metal ions oxidation, etc. These reactions 
occur in aqueous solution inevitably involves the reaction of UDMH and • OH, and some toxic 
degradation intermediates generated during the reactions,  such as dimethyl triazene, formaldehyde, 
nitroso-dimethylamine ,etc. [2-4] 
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Dimethyldiazene is an unstable molecule. It can invert to FMMH through the automerization reaction 
[5]. And it tended to convert alkyl and N2 when heating or under UV irradiation. So dimethyldiazene may 
just be an important degradation process UDMH intermediate product, but the final product. 
Zhang  treated the wastewater of UDMH and N2O4 with O3-UV-Photocatalytic integrated process.They 
deduce the mechanism of the oxidation reaction may be: UDMH is first oxidized to azo compounds, and 
then a part of azo compounds are further oxidized into CO2, N2 and water, and the others are polymerized 
to dimethyldiazene[6]. Li Zhikun used GC-MS method to analyse UDMH oxidation products, he found 
dimethyldiazene in  oxidation produces[7]. Wang Xuanjun who used GC-MS to analyse the initial 
oxidation products of UDMH, also detected dimethyldiazene [8]:. OPPestunova found that: when dealing 
with UDMH sewage, dimethyldiazene and TMT were also be generated [9]. 
In order to further understand the microscopic mechanism of the degradation process, computational 
methods of quantum chemistry on the theoretical level are used to study the significant degradation - 
dimethyldiazene. 
2. Calculation model and Method 
AT B3LYP method of density functional theory with 6-31+G(d) basis set, the geometric model of 
reactants, intermediates, transition states and products is optimized on all parameters. All configuration is 
confirmed by vibration analysis to make sure that there are no imaginary frequency at the balance points 
and only one imaginary frequency at the transition states. The transition states have all been obtained by 
intrinsic reaction coordinate (IRC). It has been confirmed that all the transition states connected the two 
energy minima [10]. All the energy of energy surface has been calibrated by zero point vibrational energy. 
All calculations were finished by Gaussian 03 program [11]. 
3. Inferred Reaction Mechanism 
To study reaction mechanism of (CH3)2NNH2 and •OH to form CH3N = NCH3, the method B3LYP of 
density functional theory (DFT) based on the 6-31 + G (d) is used ,which optimized the geometric model 
of reactants, intermediates, transition states and products on all parameters. Molecular configurations are 
shown in Figure 1, the configuration parameters are listed in Table 1. 
The two N atoms and the two C atoms of UDMH are not in the same plane, the dihedral angle between 
them is 115.8 º, the single bond length of N-N is1.4721 Å, the literature value is 1.4515 Å [12], which 
prove that the result is credible. 
Reaction channel 1: two H atoms get away step by step 
 (CH3)2NNH2 + ·OH ĺ (CH3)2NN·H + H2O                                                                                   (1) 
(CH3)2NN·H + ·OH ĺ CH3N=NCH3 + H2O                                                                                    (2) 
A research has shown that the reaction rate constant of reaction (1) is 5 × 107 L•mol-1 •s-1 [13]. 
The O atoms of •OH attack  H4 atom which connected to N2 atom of (CH3) 2NNH2 molecules, and the 
H4 atom connected to N2 atom breaks away from UDMH after •OH attack it, then combined with •OH to 
H2O. The remaining part form (CH3) 2NN • H, which is the intermediate  IM1. This process is a barrier-
free process. The bond length of N1-N2 is 1.3433Å, shorter than the reactants( 0.1288 Å), dihedral angle 
ĲC9N1N2C5 decreases 34.1 º, dihedral ĲH3N2N1C9 reduced 43º. That instructs that the two N atoms and the 
two C atoms tend to the same Flat. Intermediates IM1 reacts with another • OH and gets off a H2O, 
producing a stable zwitterionic intermediate IM2 , which is mentioned in reference [14] as 1,1 - dimethyl 
triazene. 
Reaction channel 2: two H atoms simultaneously get away. 
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(CH3)2NNH2 + 2·OH ĺCH3N=NCH3+ 2H2O                                                                            (3) 
Two O atoms of • OH attack the two H (H3 and H4) atoms of (CH3) 2NNH2 N2, which connect to N2 
atoms. And after being attacked, the Two H atoms of UDMH combine with two • OH to generate two 
H2O molecules, leaving a stable zwitterionic CH3N+N-. And intermediate IM2 is formed, which remains 
C2V symmetry. Then two N atoms and two C atoms are in the same plane. N1-N2 bond length is 1.2218 Å. 
N-C bond length is 1.5024 Å, which is longer than the N-C bond length of reactants (1.4627 Å). This 
process is a barrier-free process. Finally methyl (the fifth carbon atom), which connected to N1, get away 
from the molecular plane. The dihedral angle change from 180º of the intermediate IM2 ĲC9N1N2C5 to 
108.3º.The lengthen between N1 and C5 atoms is being elongated from the intermediate IM2 1.5024Å to 
1.7489Å. ğ N2N1C5 changes from intermediate IM2 123.5º to 67.9º. The bond length of N1-C5 is 
1.7323Å, which in fact has  been ruptured and formed transition state TS1. Taken TS1 as a transition, 
CH3 gradually move to the N2 atoms. And the distance between N2C5 gradually shorten, and generate the 
N2-C5 bond. The bond length is 1.4661 Å. Finally, the final products were stable trans-CH3NNCH3. It is a 
way of first rupture and then bond. The bond length of N N of Product CH3NNCH3 is 1.2406Å, the 
literature value is 1.222Å [15]. The error is 1.5%. That once again shows that the results of this work is 
credible. The two N atoms and two C atoms of CH3NNCH3 are in the same plane, keeping C2h symmetry. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 1 Optimized geometry of various compounds in the reaction 
dimethyldiazene 
TS1 
IM2 IM1 
UDMH 
·OH H2
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Table.1  The Parameters of Geometry structure 
  Ractant IM1 IM2 TS1 Product 
bond length 
/Å 
N1N2 1.4721 1.3433 1.2218 1.3004 1.2406 
N2H3 1.0233 1.0248 ʊ ʊ ʊ 
N2H4 1.0233 ʊ ʊ ʊ ʊ 
N1H5 1.4601 1.4581 1.5024 1.7323 ʊ 
N1C9 1.4601 1.4582 1.5024 1.4972 1.4659 
C5H6 1.0965 1.0913 1.0890 1.1038 1.0964 
C5H7 1.0943 1.0942 1.0944 1.0836 1.0962 
C5H8 1.1053 1.1056 1.0944 1.0991 1.0962 
C9H10 1.0943 1.0940 1.0944 1.0963 1.0964 
C9H11 1.0965 1.0945 1.0890 1.0945 1.0962 
C9H12 1.1053 1.1022 1.0944 1.0933 1.0962 
O14H13 ʊ 0.9680 0.9681 0.9680 0.9689 
O14H4 ʊ 0.9850 0.9878 0.9833 0.9689 
O15H16 ʊ ʊ 0.9681 0.9685 0.9689 
O15H3 ʊ ʊ 0.9878 0.861 0.9689 
bond angle 
/ º 
H3N2H4 104.0 ʊ ʊ ʊ ʊ 
N2N1C5 106.8 115.1 123.5 67.9 113.3 
N2N1C9 106.8 120.5 123.5 116.3 133.3 
N1C5H6 109.6 108.7 108.4 123.1 ʊ 
N1C5H7 108.7 109.3 108.7 105.4 ʊ 
N1C5H8 112.4 111.0 108.7 91.2 112.2 
N1C9H10 108.7 109.6 108.7 104.3 107.8 
N1C9H11 109.6 109.3 108.4 112.7 107.8 
N1C9H12 112.4 111.4 108.7 109.0 107.8 
H4O14H13 ʊ 105.7 106.7 106.3 105.5 
H3O15H16 ʊ ʊ 106.7 106.6 105.5 
dihedral angle 
/ º 
N2N1C5C9 -115.8 -149.9 180.0 -108.3 180.0 
H3N2N1C5 -175.5 171.9 ʊ ʊ ʊ 
H3N2N1C9 66.2 23.2 ʊ ʊ ʊ 
H4N2N1C5 -66.2 ʊ ʊ ʊ ʊ 
H4N2N1C9 175.4 ʊ ʊ ʊ ʊ 
N2N1C5H6 64.4 36.2 0.0 -33.4 0.0 
N2N1C5H7 -177.8 156.0 120.7 101.8 122.2 
N2N1C5H8 -56.4 -83.8 -120.7 -141.8 -122.2 
N2N1C9H10 177.8 -163.8 -120.7 -90.3 0.0 
N2N1C9H11 -64.4 -44.9 0.0 28.6 122.2 
N2N1C9H12 56.4 76.5 120.7 154.2 -122.2 
 
Vibration analysis showed that eigenvalue of physical constant matrix for reactants, products and 
intermediate is positive. It is shown that they are the stability point to of the potential energy surface. 
Transition state of TS has only one imaginary frequency, 48 1i•cm-1. The corresponding vibration modes 
of imaginary is proved that they respond in the right way. According to the criterion of transition state 
theory, they are true transition state. In order to further confirm the authenticity, the intrinsic reaction 
coordinate (IRC) of the transition state TS1 was done. By the analysis of the results of IRC, the molecular 
configuration shown by both sides of the IRC curve are pointed to its corresponding reactants and 
products. It is conformed that their respective responses to the real transition state channel. 
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4. Inferred Reaction Mechanism 
Table 2 lists the energy of reactants, intermediates, transition states and products with the B3LYP 
method of the density functional theory (DFT) base on 6-31 + G (d). At the same time the relative energy 
of reactants, intermediates, transition states and products compared with the sum of energy of 
(CH3)2NNH2 and one (tow) ǜOH is also listed in this table , as well as the calibration energy of zero point. 
The energy response curve of channel 1 and 2 are shown in Figure 2. 
 
Table2  Energies(E/a.u.)and Relative Energies(Erel/(KJ/mol)) 
 sort B3LYP ZPE Erel 
Reaction 
channel 1 
UDMH+ǜOH -266.104679 0.118021 198976.68 
IM1 -266.176928 0.120964 198794.72 
IM1+ǜOH -341.902133 0.129263 0.00 
IM2 -342.9877299 0.133425 -2838.18 
TS1 -341.881186 0.129491 58.22 
Production -342.004631 0.126974 -275.12 
Reaction 
channel 2 
UDMH+2ǜOH -341.829884 0.126320 0.00 
IM2 -342.987299 0.133425 -3020.14 
TS1 -341.881186 0.129491 -126.37 
Production -342.004631 0.126974 -457.08 
 
In Table 2, from UDMH and gOH react to intermediates IM1 generatedˈthat process release 
energy -181.96 KJ•mol-1. The process of rearrangement has to go over a large energy barrier. The energy 
barrier of channel that H atom falling step by step is 2896.4 KJ•mol-1.And the energy barrier of channel 
that H atoms jump across simultaneously is 2893.77 KJ•mol-1. As viewed in the whole process, it is 
exothermic reaction. 
 
 
 
 
 
 
 
 
 
Fig 2  the energy curve in the reaction approach 
Erel/(KJ/mol) 
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5. Summary 
In the certain conditions, UDMH is oxidized by gOHˈ then dimethyltriazene is generated. 
Dimethyltriazene has both cis and trans configuration. The two configurations can be transformed into 
each other. Dimethyldiazene is instability, and it can decompose by itself, become ǜCH3 and N2.The 
ǜCH3 can combine with ǜOH, that produces methanol. And then it is further oxidized to formaldehyde. 
Dimethyldiazene can also be isomerized to formaldehyde methylhydrazone. Also CH3NN and 
CH3NNǜH, which were generated dimethyldiazene, can involved in the response of generating other 
products. 
The energy barrier of the response for UDMH oxidized to dimethyldiazene is high, and the reaction 
rate is slow. However, the other reactions are easy to carry out, and the reaction rate is faster. But it is a 
necessary and must be reaction step which control the whole reaction speed in the process of UDMH 
water oxidized by gOH.  
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